Recently LHCb and CMS have measured the branching ratio of the rare decay of B 
Recently LHCb and CMS have measured the branching ratio of the rare decay of B 0 s → µ + µ − which is at par with the predicted standard model (SM) value. This result does not predict the absence of new physics (NP), rather it confines the NP parameter-space in a more stringent fashion.
In this paper we have used the general loop level Hamiltonian to constrain the parameter space for the NP couplings for B 0 s → µ + µ − from the experimental branching ratio. Using the available parameter space for these couplings, we have explored the angular analysis of the cascade decay of B 0
This analysis shows presence of NP can be identified by the angular analysis and also shows how to isolate the NP contribution from the SM. We believe that in future with the reduced error in the branching ratio measurement and better τ cone reconstruction technique we will be able to probe NP signal using this angular analysis.
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I. INTRODUCTION
The rare decays of neutral B In SM, the main uncertainty comes due to the partial knowledge of the decay constant and CKM matrix elements involved in these branching ratios(BR). Though recently using different lattice QCD methods, error has been reduced in the estimation of these decay constants [1] . In SM, [2] , Due to smallness of the BR(B 0 s → e + e − ), verifying it is beyond the scope of present experimental limit. The BR(B 0 s → τ + τ − ) is the largest of the helicity suppressed purely leptonic decays, since the amplitude is proportional to the mass of the lepton m l . However, the τ leptons are difficult to detect making the detection of this mode uniquely challenging. The complications for this * E-mail: basudha@bits-hyderabad.ac.in † E-mail: jyotiprasadsaha@gmail.com mode arise not only from the combinatorial background but also from the fact that at least the two ν τ from the τ lepton decays are undetected and hence the two τ leptons cannot be fully reconstructed. At present we do not have exact experimental numbers for most of these BRs, but recently LHCb collaboration [3] has given experimental data on 
BR(B

and CMS has given [4] BR(B 
In this paper we mainly concentrate on (B 0 s → l + l − ) channel, except l = e. We consider that NP contribution in B 0 s → l + l − can occur only through loop level process like its SM counterpart. With this assumption, the effective Hamiltonian for the process B 0 s → l + l − can be written in terms of three distinct Dirac bilinear contributions as (almost same as [5] ) H ef f = −(G F α/2 √ 2π)(V * ts V tb ){C AA (sγ µ γ 5 b)(lγ µ γ 5 l) +C l P S ((sγ 5 b)(ll) + C l P P (sγ 5 b)(lγ 5 l)} (4) and the matrix element for the process can be written as [6] :
where,
C AA is the axial vector -axial vector type interaction term. It is present in the SM and in general, this type of coupling may be present in NP too. The m l factor before C AA comes due to helicity suppression.
We divide C AA into two terms C SM AA and C N P AA . C SM AA is solely the SM part and C N P AA is coming due to the NP contribution and we call it as N P 1 . C l P P and C l P S are the pseudo scalar -pseudo scalar and pseudo scalar -scalar type interaction terms respectively. C l P P can have a possible SM contribution from a neutral Goldstone boson penguin diagram [7] and C l P S can have a possible SM contribution from SM Higgs penguin diagram [8] . But these contributions from SM higgs and neutral Goldstone bosons to the amplitude are further suppressed by
compared to the dominant contribution. That is why the SM contributions in C l P P and C l P S can be ignored and it can be considered that they are coming from purely NP contribution. For our discussion we distinguish these two terms as N P 2 and N P 3 respectively. In this Hamiltonian as both NP and SM are appearing at loop level, we have separated out α and CKM elements from the C couplings unlike [5] .
In SM, C AA coupling is identical for the process B 0 s → l + l − for l = µ and l = τ , whereas in existing NP models like MSSM, 2HDM, top-color assisted LHT models, it has been shown that C l P P and C l P S get m l suppression factor [9] due to the involvement of various NP particles in box, penguin and fermion self-energy diagrams. But no such effect of m l suppression factor has been predicted for C N P AA coupling in existing literature. In our paper, we consider C SM AA and C N P AA are same, whereas C l P P and C l P S have a m l suppression factor for l = µ and l = τ in BR(B 0 s → l + l − ). With this assumption, it can be seen from Eq. (6) that both B l and A l will differ for different BR(B 0 s → l + l − ) due to the involvement of different lepton masses.
LHCb and CMS data of the BR(B
is in the same ballpark of the SM, but it is not ruling out the possibility of the presence of new Physics coming from any one of the three different type of NP interaction terms. We have to wait till the experimental error reduces to have any conclusive remark on the presence of new physics in this leptonic decay mode. There is a possibility that all of N P 1 , N P 2 and N P 3 terms are present but they are cancelling each other in such a fashion that at the end of the day the SM term gives the main contribution in the branching ratio. Another possibility is that any one of the NP and SM terms are mutually cancelling each other and contribution from rest of the two NP terms satisfies the experimental data. Our main intention is to construct such observables which can separate out the effect of the presence of the NP contribution from its SM counterpart or at least identify the prominent presence of NP.
Considering the general Hamiltonian, it has been shown that the C AA term is nothing but the Willson coefficient C 10 [10] . We are not taking the value of C AA exactly same as C 10 as there is some uncertainty. We constrain the parameter space for C SM AA from the SM estimated value of BR(B 0 s → µ + µ − ) and then using this constraint we figure out the allowed parameter space for the modulus of C N P AA , C µ P P and C µ P S from the experimental data of BR(B 0 s → µ + µ − ). From these constraints we can figure out the sizes for the modulus of C τ P P and C τ P S , whereas we cannot obtain any bound on the phase factor of these couplings. We choose that the phases can vary from 0 − π for the C couplings involved in B 0 s → τ + τ − as in general these couplings can be complex. Using these constraints we figure out the sizes of A τ and B τ . With these allowed sets of A τ and B τ we present an angular analysis of the cascade decay of B 0
in a model independent fashion to check whether we can separate out B τ (which is purely NP contribution) from A τ or we can establish a measurable difference between SM and NP effect due to A τ itself. Isolation of B τ will help us further to constrain the scalar sector. Here we would like to mention that it has been shown in literature that NP contribution in
can be much larger, 3% -10% [5] , [11] which will open up many more ways to find NP signature.
In Section II we constrain the parameter space for 
The choice of reference frame for this cascade decay is discussed in detail. The angular analysis for the cascade decay is discussed in Section III.B. Various observables which help to establish the fact that the presence of NP makes a measurable difference from SM are discussed in this section too. We conclude and summarize in Section IV. In Appendix, we present the matrix element square for the cascade decay of B 0 s .
II. CONSTRAINTS FROM
In this section first we figure out the constraints on C SM AA from the theoretical branching ratio of B 0 s → µ + µ − , considering all the NP contribution as zero. Now in SM,
Where couplings are present, the branching ratio can be written as:
The modulus of the couplings A µ , B µ , A τ and B τ has the following relations with the C couplings:
and
where c 1τ = 2m τ , φ AN , φ µ P P , φ τ P P are the phases of C N P AA , C µ P P , C τ P P respectively. We choose the phase factor of C SM AA as zero without any loss of generality as only the relative phase between two couplings is important. Rest of the C couplings have the following relations for these decay channels:
Here |C P P | is same for both µ and τ and |C P S | is also same for both µ and τ . The magnitude of these couplings have been expressed in some particular NP models [9] . In our paper first we obtain bounds on the modulus of the C couplings involved in B 0 s → µ + µ − using the experimental branching ratio data from Eq. (2). Table. (I) contains the data used for this calculation. Experimental error has been included in each numerical input used in the branching ratio. With these bounds we restrict the modulus of the C couplings involved in B 0 s → τ + τ − decay using Eq. (11). We vary φ AN , φ τ P P from 0 − π as there is no way we can constrain these phases.
As stated earlier that the experimental branching ratio may not be fully satisfied by SM only, there is some scope of NP. We explore all the possible scenarios. At this point we would like to mention that in our following discussion whenever we talk about these couplings, we actually talk about their modulus. 
. It gives bound on C AA which has been used to figure out the allowed range of A τ . Here A τ ranges from 0.65 − 64.6. Like that in Case-III, we choose only N P 2 coupling with SM. In this case A τ ranges from 0.3 − 63.8. These large ranges for A τ in these two situations are due to the constructive and destructive interference between the SM and NP couplings. φ AN and φ τ P P are individually playing a key role to increase the range of A τ from the sole presence of SM. In both of these situations, B τ remains zero as we can have nonzero B τ only if N P 3 is present. If 
Analysis-I for various ranges of |Aτ | in the absence of Bτ and in the presence of maximum |Bτ | are mentioned in fourth and sixth column respectively.
we add only N P 3 with SM which is Case-IV, then the value of A τ remains exactly same as Case-I. This is quite natural as N P 3 alone cannot affect the value of A τ . This situation is significantly different from Case-II and Case-III as in this case we have nonzero B τ and it ranges between 0 − 11.4.
After this we consider situations where any two NP couplings are present with SM. In Case-V, we consider the presence of SM + N P 1 + N P 2 . Here A τ ranges from 0.35 − 83.3 and B τ remains 0. In this case a very unnatural fine tuning happens between SM, N P 1 and N P 2 . It gives unbounded parameter space for N P 1 and N P 2 . It happens due to the presence of three interference terms between SM-N P 1 , SM-N P 2 and N P 1 -N P 2 . In this situation, we take a logistic approach, where we neglect the values of the couplings for which fine tuning among SM, N P 1 and N P 2 is less then 20%. This amount of fine tuning is sufficient to show the difference between the presence of NP from SM. This choice of fine tuning is a very common practice in existing literature [15] . In this way we avoid a very unnatural fine tuning between all the couplings.
Similarly we figure out the ranges for A τ and B τ for the cases of simultaneous presence of SM + N P 1 + N P 3 and SM + N P 2 + N P 3 which are mentioned in Case-VI and Case-VII respectively. All these values are listed in Table. (II). In Case-VIII we consider that all the NP couplings are present with SM. In that case A τ ranges from 0.95 − 81.6 and B τ ranges from 0 − 22.8. In Case-V to Case-VIII, we can notice that when both N P 1 and N P 2 are simultaneously present with SM, we get maximum range for A τ almost(0 − 81). This is expected as for these two cases two phases φ AN and φ τ P P are simultaneously playing important role in the interference between various couplings. If only φ AN or φ τ P P is present then A τ mostly remains between 0 − 65 which is quite large compared to the case when only SM is present i.e. Case-I(19 − 21.5). The role of the phase factors in the interference between different couplings is quite clear from all these situations.
All these cases and their outcomes are presented in Table. (II), Fig. (1) and Fig. (2) . At this point we want to mention that we have verified the allowed parameter space of C AA , C P P , C P S , A τ and B τ using the time integrated SM value of branching ratio for B Our main motivation is to isolate the NP from the SM so that it can be probed via experiment or at least establish a process of analysis such that the presence of any kind of NP can be identified prominently. It leads us to the obvious question that for what values of A τ and B τ we should continue our further analysis. Table. (II) gives us the maximum allowed value for A τ is 81.6 and B τ is 22.8. The minimum is 0.2 and 0 respectively as mentioned in Table. (II). In next section we discuss about the way to isolate NP from SM.
It is now clear that though experimental branching ratio of B 0 s → µ + µ − is within the same regime of SM, the possibility of the presence of NP is not ruled out. However, the main challenge is how to experimentally observe the presence of NP. For this purpose we are exploring a good old technique of angular analysis [17] . For such angular analysis we will choose B 
as an interesting choice to perform angular analysis. In this section our primary motivation is to present a technique to distinguish experimentally the various NP effects from the SM contribution through angular analysis of this cascade decay channel.
We divide this section into two parts. For the cascade decay, we provide the information about different reference frames, momentums of various particles involved, assumptions of ignoring negligible masses, constraints from energy-momentum conservation relations etc. in the first part. Second part involves detail analysis. Where we show that how NP can be isolated from SM via this analysis. However, one very essential and remarkable thing which we establish there is that if any kind of NP is present then that situation is significantly different from the sole presence of SM in our angular analysis, which can be tested experimentally at LHCb, using sophisticated technique. We begin by considering the decay B 0
And then consider, the τ + and τ − to decay further with τ
+ produced is considered to decay into π + and π 0 , with four-momentum q 1 and q 2 respectively. We first define the kinematics of the process by expressing the four momentum vectors of all the particles in the decay process. We describe the decay in the B 0 s rest frame, where, the τ + and τ − decay back to back. The z axis is defined to be along the direction of the ρ + as shown in Fig. 3 .
The momenta and the angles involved in the decay are related in the B 0 s rest frame as follows:
where we have used
The remaining three energy-momentum conservation relations, p
, and q µ = q 
The π − and ν τ momentum can be easily written in τ − rest frame since π − and ν τ are back to back. Neglecting the masses of pions and neutrinos, their respective four momentums are as follows :
We note that θ m and φ m are angles described in the τ − rest frame. Similarly, in τ + rest frame, ρ + andν are back to back and their respective four momentums are as given in terms of τ + rest frame angles θ p and φ p as follows:
With the same logic the π + and π 0 are back to back in the ρ + rest frame. Considering ρ + along z axis and neglecting masses of pions and neutrinos, their respective four momentums are described in terms of the rest frame angles θ ′ and φ ′ as follows:
The angles of decay products defined in the B 0 s rest frame can be expressed in terms of the angles defined in the respective rest frames of τ
We always have the freedom to choose either φ p or φ m as zero as the relative angle between any two azimuthal angles is the only relevant quantity. Without any loss of generality we choose φ p = 0. The relations between the other two azimuthal angles are simplified to φ = φ m and φ 1 = φ ′ with this choice. The remaining relations are,
The partial decay width for B 0
At this point we would like to mention that B 0 s rest frame can be chosen as lab frame and angles in this frame are measurable quantities. Matrix element for this cascade decay is expressed in terms of these lab angles in Table. (III) -(VI), whereas from Eq. (17) it is clear that τ + , τ − , ρ + rest frame angles are necessary to numerically estimate the total decay width Γ for this cascade decay, though these angles cannot be measured. For this purpose we have provided the relations between lab and individual rest frame angles in this section. The final matrix element square for the cascade decay of B 0 s is given in Appendix.
III. B. Analysis
This cascade decay involves total five independent angles, 3 polar which can be measured without any ambiguity and two azimuthal angles which can be measured with two fold ambiguity. With these angle information, we prescribe five observables as
These observables are functions of A τ and B τ , hence, sensitive to various NP. Using the constraints obtained for A τ and B τ from Table. (II), we numerically estimate the sizes of these partial decay widths with the help of Vegas [18] . We have estimated that at 14TeV, with 50f b −1 total integrated luminosity, LHCb can generate 10
events for our allowed range of A τ and B τ . So there will be sufficient number of events available to verify our analysis.
A τ involves both SM and NP terms whereas B τ involves purely NP term. We divide our analysis into two separate parts. In the first part, our main motivation is to prescribe a way to detect the the presence of NP. After that we try to show that if NP is present then "how do we determine it's Lorentz structure?". In the second part of our analysis, we explore the region where these partial decay widths are sensitive to B τ for a fixed value of A τ . This sensitivity gives us a hope to isolate a pure NP term from SM experimentally.
Definite indication of New Physics
In this section our main aim is to show whether we can clearly establish the presence of NP or not. For this purpose we take two approaches. , dΓ dφ which are functions of θ τ , θ, θ 1 , φ 1 and φ respectively. For this second approach we investigate whether these partial decay widths can provide us more information about the presence of NP or not.
The first approach is to estimate the decay width Γ of the cascade decay B
To figure out Γ for various cases mentioned in Table. (II), first we consider B τ as zero and estimate the ranges of Γ for allowed ranges of A τ . These constrained ranges are mentioned in the fourth column of Table. (II). Next we explore the possibility of including the allowed range of A τ in presence of allowed maximum B τ to figure out Γ and list them in the last column of Table. (II). From this Table. (II), it is clear that if any NP is present, Γ differs by at least one order from Case-I i.e. from the situation where only SM is present. It means that the estimation of the decay width of the cascade decay is sufficient to detect the presence of NP. Though the main problem with this approach is that it is beyond the present experimental limit to observe these decay width as these are extremely small. On top of that estimation of Γ cannot distinguish the nature of the NP. In our second approach, we perform angular analysis. We estimate the partial decay width dΓ dcosθ , dΓ dcosθτ as a function of cosθ and cosθ τ respectively for SM, SM+N P 1 , SM+N P 1 +N P 2 and SM+N P 1 +N P 2 +N P 3 for largest allowed A τ and B τ as zero using Vegas and present it in Fig. 4(a)-(b) . From this figure it is extremely clear that presence of any kind of NP can be clearly established from the case where only SM is present from the estimation of these partial decay widths. We do not present similar figure for the smallest ranges of A τ though we have explored that situation too.
In that case the plot for dΓ dcosθ , dΓ dcosθτ in the presence of NP differ by almost 2 order from the sole presence of SM, which makes our analysis even stronger. We have performed similar analysis for the rest of the partial decay widths dΓ dcosθ1 , dΓ dφ1 , dΓ dφ and have come to similar conclusion, though we do not present explicit plots for these observables in this paper. At this point we would like to mention that without any loss of generality we have scaled dΓ dcosθ and dΓ dcosθτ by a factor of 10 22 in Fig. 4 -Fig. 11 due to the smallness of these variables.
The biggest advantage of this angular analysis is that we can measure the five angles θ, θ τ , θ 1 , φ and φ 1 . The measurement of these angles can be used to estimate the partial decay widths
which are functions of θ τ , θ, θ 1 , φ 1 and φ respectively. These experimental estimation can be compared with our theoretical estimation and presence of NP can be established without much ambiguity.
In future if experimentally it is established that NP is present with SM using our analysis, the next immediate question which will rise is "what is the nature of this NP?" We present an analysis which can answer this question too. First we assume that N P 3 is absent. Then the remaining NP are N P 1 and N P 2 . They can be present individually or simultaneously with SM. Case-II, III and V explore the possibilities of these situations. Now our job is to suggest some analysis through which we can differentiate these situations from each other. We can see from Table. (II) that the allowed lowest value of A τ in the sole presence of SM is 19 which shifts to 0.65, 0.3 and 0.35 for Case-II, III and V respectively. Similarly the allowed highest value of A τ in the sole presence of SM is 21.5 which shifts to 64.6, 63.8 and 83.3 for Case-II, III and V respectively. The reason for it is already mentioned in Section-II. In all these three cases B τ = 0. We plot Next we need to explain how to figure out the presence of C P S i.e. N P 3 with SM. From Table. (II), we notice that though the ranges of A τ are same for Case-I and Case-IV, the main difference comes in the allowed non-zero values of B τ in Case-IV. This situation is explored in Fig. 6. Fig. 6(a),(c) represents the plot of dΓ dcosθ as a function of cosθ and Fig. 6(b),(d) represents the plot of dΓ dcosθτ as a function of cosθ τ . The detail values of A τ , B τ and their relative phase φ Aτ Bτ are mentioned in the plots. From these four figures we can see that it requires precision measurement to determine the presence of C P S with SM. N P 3 is present in Case-VI, VII and VIII too. Now we have to check how to differentiate these cases from each other through angular analysis. Similar type of analysis is presented in Fig. 7(a)-(d) where Case-IV can be clearly distinguished from Case-VI and VII. How to separate Case-II from Case-VI, that is shown in Fig. 8(a)-(b) . Like this, we can have many more possibilties to show that each of the cases mentioned in Table. (II) can be distinguished from each other through angular analysis. We are not presenting all these figures. But it is now clear that using our angular analysis we not only can suggest a clean way to check the presence of NP, our analysis also has the potential to predict the Lorentz nature of the present NP.
Isolate the New Physics from Standard Model
In previous section we have shown how to detect the presence of NP from the decay width and angular analysis of the cascade decay B 0
We have explained that if NP is present, how to figure out it's Lorentz structure using our analysis for the mentioned cascade decay. But then next question which comes in mind is "will we be able to separate the effect of pure NP from the effect of pure SM or a combination of SM+NP?" To answer this question, we notice from Eq. (6) that B τ depends only on N P 3 (C P S ) whereas A τ depends on SM(C SM AA ), N P 1 (C N P AA ) and N P 2 (C P P ). This signifies that from A τ , we cannot isolate the NP from SM. But if we can establish some difference due to the presence of B τ only, then that should be a definite indication of NP. In this section our main aim is to show whether we can isolate B τ dependence or not.
First of all only in the presence of SM, A τ is restricted between 19 − 21.5 and B τ = 0. On average if we choose A τ = 20, it is allowed by all possible cases of Table. (II) but B τ = 0 in the absence of N P 3 . For A τ = 20, B τ can be as large as 11.4 for Case-IV whereas for Case-VI, VII and VIII B τ can be as large as 22.7. We There is a clear difference between these two situations, hence, there is a possibility to isolate N P 3 from SM for Case-VI, VII and VIII. For Case-IV we have already shown in Fig. 6 that with precision measurement the presence of N P 3 can be isolated. Plot for dΓ dφ1 and dΓ dφ in Fig. 9 (c) and (d) also emphasizes on the same conclusion.
Further we notice that the partial decay widths are sensitive to B τ for small values of A τ . This can be seen from Fig. 10 . Small value of A τ is chosen for Fig. 10(c) -(d), whereas for Fig. 10(a)-(b) sufficiently large value of A τ is chosen. Presence of non-zero B τ is more prominent for Fig. 10(c)-(d) than Fig. 10(a)-(b) . Using this fact we can further isolate the effect of B τ . A τ = 1 is allowed for Case-II, III, V as well as for Case-IV, VI, VII and VIII. The main difference is that for Case-II, III, V, N P 3 is not present i.e. B τ = 0 for A τ = 1 whereas for Case-VI, VII and VIII, N P 3 is present that means B τ can be equal to 22.7 for A τ = 1. Plots for partial decay widths Fig. 11(a),(b) ,(c) and (d) shows a clear difference for these two different situations. This way too we can isolate the effect of pure N P 3 dependence. xdΓ/dCos(θ τ )
|A τ |=62.7 and |B τ |=0.0 |A τ |=62.7 and |B τ |=22. N P 1 , N P 2 , N P 3 or N P 1 , N P 3 or N P 2 , N P 3 we have managed to show an analysis to isolate purely NP effects from SM effects too, which is quite an accomplishment.
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The partial decay width of the cascade decay B 0 s Table. (III) . The coefficients of |B τ | 2 has been listed in Table. (IV) whereas the coefficients of Real(A τ B * τ ) has been listed in Table. (V) and the coefficients of Img(A τ B * τ ) has been listed in Table. (VI). 
